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(54) HARD FILM AND COATED MEMBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film and a 
coated member having a low friction coeffi cient and 
best suited for utilization in a lubricating oil. 
SOLUTION: This coated member is obtained by providing 
the surface of a base material 1 with a film 2. This film is 
provided at least on a part of a sliding face. The film 2 is 
provided with a layer essentially consisting of carbon. 
Then, the coated member is used in the presence of 
lubricating oil. The lubricating oil desirably contains an 
aromatic compound. 
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[0 0 2 5] ©DLC^Sft i ft^-feS 3 SrJgfig t X 
(H2) „ teroxSSirDLC^Jg^u^/u 

5»li7C^4lfT*5S|g^n5^, XRD (X-ray diffract 
ion) @^<7)tWi4#LfS£tlftV\ 
[0 0 2 6] (i)DLC<V&A>bte6WiW:IW4C0cpicmCDib 

0jmft«S«S^s||^ $ tuT, ii»oxRDlHlSf tfftirofk-g- 
*oiaSffc! , -^^«ii*nfc»s-e*>5. c©t#»xR 

ro-fb-g-iferofeSfio. ooi~o. 5 w mt -f- 5 r t l 

[0 0 2 7] (3)DLCW^.d^bftSlSai6 teWjt^ 
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iL$&&&fr^xmm%£mmtzitmmm&k lx t «t 

v\ -*-£*>*>, 0 4 (A) 

(75fe^8 * fcfcHSgB 9 C9<&* % rDLCW^»b*5SS 
#J , ri)LcasfliW5£»i:fc#*S:»rtL-CV^5(B5 

4 (B) jC^i"J:5K, »«^ft:S:|S-J110fc»5-Jlll 

kfrbftsmsm&t l, $s-jiio*fci±»-jiii0>a- 
rDLcw^a»?,*saj , rDLc^flb<7)jc3ifi:{t;-g-4fc 
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[0029] mm<nmm m 'StmL<n*—7m& (h 
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Okg/mm 2 filTtf *> 5 ^iW*U\ 

[0030] m&<nmfeit. jfLa^s-cfT^. ?v-t 
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a/55^# < !±mmmfr%^<^mt. #8oooro*y 

[0031] ifg(7)ifip^^»«ic^>^^l#fi^1- 
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mmtf±%<tez>kmw^tf±%<tev s mmmmh^ 

tnT*. r.r.T% SffiSMg £i#*P£*3i^lC^#t4* 

ft t>, *^ttE«tt«'>-f5. oS0,« 
ESSro^PI±K*^*iSa^«^$-fr, e*iLT, 

[0 0 3 2] «SIroSEft$) 5I«MIw*iScoa$ 
14, ^^»sp*&fiSRaSrO. 005,1 m^±, 0.2 M mJiATt 

[0 0 3 3] aWSRw*Bi|fl^S:±SH«5Blt1-ntf, 

«ffi^?lgfiiS#VN % BP^RatfS^WJl^ttJP 
■fS„ StoT, Ra^0.2|imWTT*#>nt4\ rW?f?fi c f"7? 

(1800iil_h8000aT) TfeStt 
§IJ;<9ffi<ft5 0 *ffifi£(4ffi:WSif»£LV^\ Ratf? 
0. 005/i m*a«K8ISr^S-r?> C t llSffittKJt L 
K lot, «t "5ffiV^**«*S:«-rSfcftJcii 4 Ra 
O.OOBjimJSU:, 0.2^m£tT-efc5rtisa4LV\ « 
ffiaSRaroay^feliJIS BOeOllC^O^j&iCifiCT 
SUfc-fS. ftfrMttfcli, nCEK 2. 5rara, Iijg^f- 
KO. 3mm/s, Cut-offftO. 8mmir LT N 8 &MfeL1t¥-%3 

[0 0 3 4] 5f«If(75*ffia$lr*^i-55H»^ 

klC £<07y¥>y-rzzk T?Raft«/> * -H: 
Ra^o.2ymgJtT-fotitt\ W^PXT'itj^t:- 
#5o tmBf&Jj-mXli, RFB4H7°7XVCVDfe 

~ ? Wtmm&<ni§&, #(c»Hfi £ &o. 02 mWT t 

[0035] ±tasigt*ffia$»^^ro^sr 

MSI t^jf* ^CO^T't, Ra (^m) XHk 

(kg/mm2) =At Lfc*g-^, R«AM00£JlTt?*)5r 

^s-©*K*iiJ*t</i5) o *sa$^a<^ 

*mmTk-fZ>z\kX\ ffi«^K<Tt«ffia$«:iS 
ft< X t>a*4r»'>**5 fcffi^Efe*ttSrfi< T't 5 r 

3oo^T-c-fc5 r t ^»a-c*>a. 

[0 0 3 6] M <7?*^ hA^R) 5j!K«i4, 7 
•?>-^-<^ h/Kd*Dlt5Sic500^±I000cni-ljWT^fc° 
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[0 0 3 7] ~ h/W4, 514. 5nm»fcg 

^i>9#5o 4"9f¥L<!4, ^Hfe*^ Y^<DmM 

[0 0 3 8] ^mcommm^\t, 500- 1000cm" i n 
m. 1340cm- 1 J; r/1560cni- 1 ttj£<7)-£-ft 3 ffiBftd 

t - ^ sm^i $ n 5 0 cvox\m £ Hfc« «w 

&MX-t±* 5oo~iooocm- 1 <r>m<r> t°- ^ [4«8ij 

V\, 500~1000cm- 1 wrfl^t-^ ^W+S^8i*5fiti- 

[0 0 3 9] SflteOO&±1000ciT 1 #TK#£ 

-f-Str-^Otta (1600) 1 1340cm- l^jfilcffft-tS 
t°-^<7>5£g (11340) b <Dfeg.lt (1600/11340) 7)^0.0 

mbtez a 

[0 0 4 0] rftii, ft/WXro^7 7 7Y h^i* 
fcsp 3 g^roi^ti z_zzbx\ Stt^fc^fffig 

v ^ L i« , t * - * 8f#aMtJfc K fc L T *» 0 , 
fc°-?ffi#3£gtt (S600/S1340) (40. 01£Lk2. 

fc£ i i#s* U\ fcr-*8KHMtJfc>s*o. oi**-?*> 
JBW8*fcHJW6tttt, tfcJfefflWWRfcBWT? 

[0 0 4 1 ] rtLbwBEKSKli, *K«Jfcfc* 

& 4 5 - b t5W £ U \, P> ft 

5«K»l«TI±500JW±1000cin- 1 WTfc t-* ;SMS8!I $ 
H5„ 

[0 0 4 2] HRW^*W^»6>fto-CV>5ffl 
MK(£*5V>T, 7vy^ h/W^ftS1560cm _ lW- 
jfildfeSf-^^^^S (S1560) b 1340cm" 1 tti£<7) 
t°-f<nmft&g (S1340) i:<7)it (S1340/S1560) tJ^'O. 
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m- 1 ttifi^ f - * g^g i rojtn, sp 2 /sp 3 jt 1 1, v vb 
H, SMrt«|JroK*rog^«| (sp2 N S p3) 

£*l--t^3„ mbtf-^aWttfciS, KSSP2(73-gr>fi- 

ftttfcfr 5 r t 5„ 1560cm- 1 #j£<75 fcT-* 

7)5ffiv ^1^, 4 5 JM*flUfc&«ffiT1-5 r t 7)S;b7)>o 

L, fiJ*fttt^lR]±LTWc: 0 S1340/S15607J* 3 ^ii 
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(4, »Rrt(7)J6^^EiffifflatSSv^, 7 -7>twi4 
S^»jic->7 m, ^ic?igii9ffltfflv^^i4, « 

ft«t->7hf5 0 5SK«(n£7J7)sj±«iIJtft^ (t* 
-^7)s4i9«?S«t«lrfe5) *t)s, J: 13 it 

-4GPaW±, -lOGPaWT^ii-Cfco/Co -^Eb/liJST: 
ft i: 1560cm- lffi©7vy^^Of-^ ttfctt, 0 

[0 0 4 5] 7vy^ftJ;ot, Zl±<D!%m<D£ 
[004 6] (tUtoftft) «««aEl4, f£^i««SS:fb 

t B*fHtlRl±ro«^A» b2. 6-3. 6g/cm3 1 i"5 - ^ 

flil, EELS (tfi*^^-a*M) ^XPS (X«3fe«^ 
»3t) l'fc(7 57°7X^yi^^3f'-7)^5fci!65*)fet 

[0 0 4 7] (Sp2^CDj:t*) SMlflCfclT -5Sp2|g 
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m^mm^mihx\^r o -b\-m\m^tz 0 spzs-g-^ 
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6 


4-22 


C Ta 


CN.Ta 


02 


0 3(b) 


VAD 


0 4(b) 


3.4 


0.05 


0.04 


5 


4-23 


C Mo 


N.Mo 


02 


0 3(a) 


VAD 


0 4(a) 


6.9 


0.05 


0.04 


5 


4-24 


cw 


CW 


02 


0 3(a) 


VAD 


0 4(b) 


9.8 


0.06 


0.05 


7 


4-25 


CW 


CW 


02 


0 3(b) 


VAD 


0 4(b) 


5.6 


0.06 


0.04 


8 


4-26 


cw 


CW 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


10.4 


0.06 


0.04 


8 


4-27 


N. Ti 


N. Cr 


0 3(b) 


0 3(b) 


VAD 


0 4(b) 


13.2 


0. 05 


0.04 


8 



[0079] *i oi^l-i9ic, ^-fhommhit 

[0 0 8 0] (jmmSi RFSiiBr^X-rCVDffiiXSr 

- if nmmmmz ± 9 m±. # - # ^mz&m l , # 
mm. x7->\sxm* sim<D&%&&, r 

[0 0 8 1 ] RFae7°7XVCVD^fi^0 5 [Z^-f „ r 

«^4*Jj;t/(Sit*M25^^$^Tl/^ 0 LT, X 

[0 0 8 2] rtnj; 5^SglCfcV^TRF©jg7 , '7XVCV 
Difc-?j£!W-.5»g\ JgSfttf^KHiOU, C 2 H 2 , C 6 H 
6 £#^5. SS»2irtroStt-*/uy22tStt28S:-fe3/ 
h L/cfJL S«rt&2X10- 5Torr&T(;i;tf*#3tn27 

T?±#$*fcft, Ar#*fc#**Aq26ji»S>JI£lt21rt 
t*AU gS^^20mTorr(c:-t-5 o R«Pt, JBt*^ 
y22tE«E«flESr-1000VH]iPL, Ai-7°7X-r£^££ 

£|5&*-f3 rArjRv^- KftiSj ^ffo a -troft, *11 



[0 0 8 3] 

[in] 





ff 


200-600 






CH 4 , C Z H Z , C 6 H B 




Torr 


0.2-0.001 






50-400 



[0 0 8 4] K£7-^»^iM£0 6[c^i- o r 

32 £ =B x 5 . mtt*^? 32 SrfilE tf *MrJ 1" 5 H£4ff« K 
f±*-yyr-33 (*y-Kftffi) #SS!«£ft, 

^AR36t^X#^P37t^gS:(t^ixTV^„ 
[0 0 8 5] rro<t 5^SK(-J3V^'C, 9-?y\-\1h 
LT@fr^*£fflV^5 0 H^flf30rtt£tJ-38Sr-fey M 
fcm, £2 X 10- 5 Torr^T t P 37«» 

W30rt£*AU S«rtSr20mTorr^-f-5. Rl*fc, X 
W*^^32|ijtj(E«£ESr-1000VR]JqL, AtjKV^- 
SSrfir?, fcl^C, K^tfrtt'Ar#^5r«A1-5^\ * 
fctttf x £^A*-f Lfctt*"?, *12W&# 



92864 (P2001-1 92864A) 



(15) 

27 28 
tTaK^-^^ftltSrrilBtUfc. * [0 0 9 0] fcjs, RFK)|2-7 P 5XVcVDffilcJ;i9)5)cIiL 

ft $ (±, ±^*a-*iB twByjpx 
- * t i <o tfBt L fc * - # y SI h , iic ii£ 

tf*ffiWtt:]^tt££oTgffc$-&;fc#, -*®ft£Ra£ 
[0 0 9 1 ] «13l-*ffift$/JSRa = 0.24r®^, 5?- 7 s 

asausooaisooomTwwco^-c, *Efi£Ra, 

Biff, SSl«^o^T3;ift 
fc 0 JtRffiltLT. Rai£0.24:iEx.-C. i>o?-^I 
^i738<n.ttt!jl9j5-l^»^«4-ffiiJ^Lfc 0 & 
«^1800^±8000WTWffilifT'fctl(i\ **ffi»0>te« 

&&oTii»K XRD : (X - ray diffractio 

5 «-3S!fe0.J t & v n t mmx h 5 „ 

[0 0 9 2] 







(kg/mm 2 ) 


Ra 

(dm) 


mm 

(Mm) 


£# 


&&&& 


tfc^J 

5-I 


VAD 


1738 


0.26 


1. 1 


SUS304 


0.064 




5-1 


RF-CVD 


4323 


0.240 


D.8 


SCM4I5 


0. 041 


§g 


5-2 


VAD 


3564 


0.210 


0.4 


S0S304 


0. 038 


« 


5-3 


VAD 


5986 


0. 300 


0.2 


SCM415 


0.039 


5-4 


RF-CVD 


7230 


0. 260 


0.4 


SUS304 


0.038 




5-5 


, VAD 


2345 


0.240 


O.I 


SKDJI 


0. 044 




5-6 


VAD 


1983 


0.250 


0.4 


AC 8 A 


0.047 



[0 0 9 3] *14t, 5C-7'S!S/5 s 1800WTT*fcl9, Ra * D , Ra#0. 005J^_bO. 2^T©-SHtTfcntf , «I£#-1800 

^0.005W±0.2WT»Mco^-C-Sffift$Ra, $Sl5f KTT'ifcoTtiMSBfiil^IfiK'fcS. 

SOTS, Biff. tf>fc 0 tb« [0 0 9 4] 

fia|5-ittkKLT, l*«tSSS:^iS<*oTv^ 0 o$ * [*14] 





mmm 


(kg/mm 2 ) 


ScHlBS Ra 
Urn) 


mm 

Urn) 




mmm 


5-1 


VAD 


1738 


0. 26 


1. 1 


SUS304 


0.064 




6-1 


RF-CVD 


1564 


0. 006 


0.6 


SCM415 


0. 038 


1 


6-2 


RF-CVD 


1465 


0. 090 


0.72 


SUS304 


0. 037 


M 

•W 


6-3 


RF-CVD 


1340 


0.123 


0.68 


S45C 


0.040 


6-4 


VAD 


1124 


0.034 


0.8 


SCr415 


0.042 




6-5 


RF-CVD 


1667 


0.062 


0.45 


FC250 


0. 037 




6-6 


VAD 


1738 


0.083 


0.97 


SCM415 


0. 038 



[0 0 8 6] 
[*1 2] 





A 


30-120 




V 


-800~0 


(at mxm 


Pa 


0.4I~2.8 




Rpm 


0~30 



[0 0 8 7] IfjSSJSii, ¥4 KSffiw^-T'ffi--? i» 
^^a^(c<i^(± > ssooowy-r -r-ty k^-* h 

[0 0 8 8] -SEft^ii, IlJSSgg|2.5min, «£xt- 
K0.3mm/s, Cut-off {CO. 8mm i LT. 8£SJj£ L/cTiSHB 

[ o o 8 9 ] mmmmt, *twm*m 

^-C«j£Lfc. WBfcttfi, A^filON, 0lSiISlO4mm 
/s, ES6mmroSUJ24-tl¥Wt = >t LT S xy-;^ 20 



[0 0 9 5] *15M. 5?-7°S!ft^i800a±8000WT-C 
fo 19 . j&»ORa:#0. 005W±0. 2&T©SMS&fcoV^-C-£ffifi 

$Ra, tm®&, mmm, mm, mmm. 



•Sr^-fo *13C»JtKM5-l-frX, Sffifi£Ra#-0. 
S-SEKfcA, *ffift§Ra^o.005W±, 0. 2 J^T 
Ot LTT'n y h LTV>5 0 5?-7°{S!S^1800^±8000 
JtUT-efc 9 , TPORa^O. 005^±0. 2£lT-e*)5»^t-* 
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(16) 

29 30 

t«^«ic^jg;<^oTV^5 0 * [S15] 

[0 0 9 6] * 









Riffle Ka 


S8J¥ 










— (kg/mm ) 


(£m) 


( Um > — 






tmm 5-1 




— — 


1Z2 8 . 


?J2! 


— hi — 


— 

SUS304 


O064 




7-1 


RF-CVD 


2617 


0153 1 


— 9J? — 


SCM415 


O032 




7-2 


RF-CVD 


6125 


0.092 


0.8 


SCM415 


0.028 




7-3 


RF-CVD 


6929 


0186 


0.75 


— — 


0.030 




7-4 


RF-CVD 








oj* — 


— S45C — 


O031 




7-5 


RF-CVD 


— .. 32 Q 3 . — 


0.078 


0.9 


SCM415 


0.029 




7-6 


RF-CVD 


2969 


O063 


— OJ) — 


— FC250 — 


O024 




7-7 


RF-CVD 


1850 


0.032 — 


1 


SCM415 


O028 




7-8 


RF-CVD 


? 5a 7 


°: 038 


0.7 


SUS304 


0.033 






RF-CVD 


2519 


0.093 


0.9 


SUS304 


0.037 




7-10 


RF-CVD 


3450 


0^084 


M — 


S45C — 


O021 — 


m 


7-11 










SCM415 




% 


7-12 


— vH — 


— lis! — 





— wi — 


SCM415 


— Soil — 




7-13 


VAD 


3763 


0.017 


0.5 


SCM415 


0.023 




7-14 


VAD 


4234 




0.3 


AC8A 


0.032 




7-15 


VAD 


2411 


0.062 


0.2 


SKD11 


0.036 




7-16 


VAD 


3489 


0.034 


0.15 


SCr416 


0.022 




7-17 


VAD 


2087 


0.081 


0.05 


SCM415 


0.04 




7-18 


VAD 


1823 


0.083 


0.01 


SCM415 


0,041 




7-19 


VAD 


2979 


0.057 


0.03 


SCM415 


0.028 




7-20 


VAD 


6695 


0.068 


0.64 


SCM415 


0.022 




7-21 


VAD 


1989 


0.015 


0.8 


S45C 


0.036 




7-22 


VAD 


2313 


0.045 


0.9 


SCr415 


0.036 




7-23 


VAD 


3499 


0.006 


1 


SUS304 


0.03 



[0097] mmme) *-f, mttmw&mmzirz 

5Pa, #HftSS400 c C, hPPiPm^500W, S« 

*/uyf|]JP«*20W-efc5 <) ^WSSrJK^LfcS, RFfi 



*ftl*K»ffil5fC X 5 t © i 1"5o 
[0 0 9 8] *ilfli«oaS'bt«ffl|50li , >*>f f ^ 

[0 0 9 9] £16, 17, 18(d*rfll, tmjiw*, *ffi 

. [0 10 0] 
[*1 6] 





mm 


Urn) 


mm 


(kg/ram 8 ) 


iSlffiS Ra 
(Mm) 


m 

(win) 


m 
mm 




fUKM 5-1 






VAD 


1738 


0.26 


1.1 


SUS304 


0. 064 




8-1 


Ta 


0.37 


RF-CVD 


2565 


0.26 


0.5 


SCr436 


0.047 




8-2 


W 


0.29 


RF-CVD 


5874 


0.35 


0.64 


S45C 


0.042 




8-3 


Si 


0.48 


VAD 


1856 


0. 24 


0.8 


SUS304 


0.045 




8-4 


m 


0.45 


VAD 


4632 


0.3 


0.7 


SI/S304 


0.043 




8-5 


Ti 


0.56 


VAD 


3671 


0.24 


0.8 


SKDU 


0.044 




8-6 


Cr 


0. 13 


VAD 


2546 


0.31 


1.7 


SCM415 


0.042 




8-7 


Si 


0. 55 


RF-CVD 


1125 


0.04 


0.6 


SCM415 


0.042 




8-8 


W 


0.52 


RF-CVD 


1045 


0. 05 


0.7 


AC8A 


0.043 




8-9 


Ti 


0.37 


RF-CVD 


1632 


0.07 


0.6 


SKH51 


0.042 


I 


8-10 


V 


0.54 


RF-CVD 


1524 


0.14 


0.9 


SCr436 


0.041 


W 


8-11 


Zr 


0.58 


VAD 


1273 


0.06 


0.6 


SCH415 


0.041 




8-12 


Cr 


0.12 


VAD 


1436 


0. 113 


1.2 


SCM415 


0-04 




8-13 


Hi 


0.23 


VAD 


1353 


0. 05 


0.7 


S45C 


0.042 




8-14 


Si 


0.21 


RF-CVD 


2019 


0.016 


0.8 


SCM415 


0.034 




8-15 


Si 


0.8 


RF-CVD 


2999 


0.016 


0.8 


FC250 


0.D38 




8-16 


Si 


0.52 


RF-CVD 


4439 


0.018 


0.75 


SCM415 


0.032 




8-17 


Ta 


0.67 


RF-CVD 


2401 


0.036 


0.8 


SCM415 


0.042 




8-18 


Ta 


0.48 


RF-CVD 


2832 


0.045 


0.9 


S45C 


0. 029 




8-19 


TaC 


0.22 


RF-CVD 


3499 


0.035 


0.9 


SCM415 


0. 022 




8-20 


W 


0.13 


RF-CVD 


2979 


0.036 


0.7 


SCN415 


0.036 



[0101] 
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tilflii 








SBfi£ Ra 


Kfft 


Stt 








(wo) 




(kg/mm 2 ) 


(xrm) 


(wo) 


8^ 




tmm 5-1 




" 


VAD 


1738 


0.26 


1.1 


SUS304 


0.064 


8-21 


went* 


0.76 


RF-CYD 


3508 


0.06 


0.6 


SKD11 


0.021 




8-22 


Cr 


0.13 


HF-CVD 


4586 


0.092 


0.8 


scum 


0.024 




8-23 


Cr mm 


0.11 


RF-CVD 


3788 


0. 125 


0.7 


SCM415 


0.023 




8-24 


Nb 


0.36 


RF-CVD 


1852 


0. 07 


0.7 


SCM415 


0.025 




8-25 


Nb 


0. 44 


RF-CVD 


2617 


0. 089 


0.8 


SCM415 


O.041 




8-26 


Kb 


0.74 


RF-CVD 


3949 


0.014 


0.5 


FC250 


0.023 




8-27 


Ti 


0.32 


RF-CVD 


1823 


0.036 


0.3 


SCM415 


0.036 




8-28 


Ti 


0.55 


RF-CVD 


3097 


0.036 


0.15 


SCr436 


0. 022 


! 


8-29 


Zr 


0.88 


RF-CVD 


2607 


0.033 


0.01 


SCM415 


0. 045 


M 


8-30 


ZrC 


0.23 


RF-CVD 


1989 


0.037 


0.8 


AC8A 


0.037 




8-31 


nc 


0.56 


RF-CVD 


4351 


0. 032 


1 


SUS304 


0.03 




8-32 


Hf 


0.58 


RF-CVD 


3499 


0.068 




SCM415 


0.03 




8-33 


Ta mtm 


0.43 


RF-CVD 


3273 


0.056 


0.3 


SCM415 


0.033 




8-34 


it mm 


0.33 


RF-CVD 


3361 


0. 007 


0.8 


SKD11 


0.033 




8-35 


Si 


0.54 


VAD 


2401 


0.007 


0.6 


SCM415 


0. 032 




8-36 


Si 


0.23 


VAD 


3175 


0.054 


0.7 


SKH51 


0.038 




8-37 


Si 


0.67 


VAD 


4469 


0.07 


0.6 


SKH51 


0.028 




8-38 


Ti 


0.98 


VAD 


2636 


0.075 


0.2 


SUS304 


0. 036 




8-39 


Ti 


0.65 


VAD 


3891 


0.081 


0.05 


SCM41 5 


0. 044 




8-40 


Ta 


0.64 


VAD 


2185 


0.006 


1 


SCM415 


0. 042 


* * 1*18] 












SMfiS Ra 


Wit 








m 


(win) 




(kg/mm 2 ) 


(wm) 


(am) 


mm 




\mm 5-1 






VAD 


1738 


0.26 


1. 1 


SUS304 


0.064 




8-41 




0.33 


VAD 


3940 


0.124 


0.8 


SUS304 


0.037 




8-42 




0.55 


VAD 


2607 


0.024 


0.9 


SKH51 


0.042 




8-43 


Ti 


0.66 


VAD 


3175 


0.03 


0.7 


SKH51 


0. 036 




8-44 


Zr 


0.63 


VAD 


2773 


0.009 


0. 6 


SUS304 


0.04 


m 


8-45 


Zr 


0.9 


VAD 


4665 


0. D6 


0.03 


AC8A 


0.028 


m 
m 


8-46 


ZrC 


0.54 


VAD 


6595 


0.06 


0.64 


SCM415 


0. 041 




8-47 


Hf 


0.27 


VAD 


2313 


0. 049 


0.9 


SCM415 


0. 036 




8-48 


Cr 


0.12 


VAD 


3798 


0.087 


0.6 


SCM415 


0. 031 




8-49 


V 


0. 63 


VAD 


2877 


0.079 


0.7 


AC 8 A 


0.035 




8-50 


vmm 


0.42 


VAD 


2283 


0. 063 


0. I 


SUS304 


0.041 




8-51 


Nb mm 


0.52 


VAD 


3597 


0. 005 


0.2 


SKH51 


0.035 




8-52 


ti mm 


0.36 


VAD 


3146 


0.06 


0.7 


SKD11 


0. 032 



[0103] msicmmkmmmkomm*^ 

m*A, «iBa*Ita#!0.005£l±, 0.2Ji!.T(OffiBi^Oi 

^tz. Sot. $m&m*i-zzkii. mwrnmcm 
[0104] mm\i) mth<o®*i}*%.*>zit*> 

ffiS. m 1. 5N/mm-?if » £ * 5 . £*tfl*B&fl» 6> SIK1" 3 i 



#(C|§^i-5AE (Acoustic emission) fc-feVf-— (ci 

[0105] i*»^tL-c, ^^yy^iiaot 
v»g£«L«Bi£^7c 0 ^*^*i9(;^-r o it 

[0 10 6] 
[«19] 
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(18) 

33 34 





*M1 

am 


Urn) 


6EMS 




(Am) 


(*£■> 


mm 


#&&3& 


mm 

(N) 


mm 7-3 


- 


- 


RF-CVD 


2564 


0.045 


0.8 


S45C 


0.034 


15 


tarn 7-4 






VAD 


3542 


0.035 


0.8 


SUS304 


0.036 


12 




9-1 


Si 


0.21 


RF-CVD 


2019 


0.015 


0.8 


SCM415 


0. 034 


26 _ 




9-2 


Ta 


0.48 


RF-CYD 


2832 


0. 045 


0.9 


S45C 


0.029 


20 




9-3 


TaC 


0.22 


RP-CVD 


3499 


0. 035 


0.9 


SCM415 


0.022 


22 




9-4 


W 


0. 13 


RF-CVD 


2979 


0.036 


0.7 


SCH415 


0.036 


24 




9-5 


went* 


0.76 


RF-CVD 


3508 


0.06 


0.6 


SKD11 


0.021 


25 




9-6 


Nb 


0. 74 


RF-CVD 


3949 


0.014 


0.5 


FC250 


0. 023 


24 




9-7 


Zr 


0.88 


RF-CVD 


2607 


0.033 


0.01 


SCM415 


0. 045 


25 




9-8 


ZrC 


0. 23 


RF-CYD 


1989 


0.037 


0. 8 


AC8A 


0.037 


25 




9-9 


TiC 


0. 56 


RF-CYD 


4351 


0.032 


1 


SUS304 


0.03 


26 


i 


9-10 


Hf 


0. 58 


RF-CVD 


3499 


0.068 


1 


SCM415 


0.03 


23 


m 


9-11 


Ta SMfc* 


0. 43 


RF-CVD 


3273 


0.056 


0.3 


SCM415 


0.033 


23 




9-12 


it mvti 


0.33 


RF-CVD 


3361 


0. 007 


0.8 


SKD11 


0.033 


24 




9-13 














SCM415 








9-14 


Si 


0. 54 


VAD 


2401 


0.007 


0.6 


SCM415 


0.032 


26 




9-15 


Ta 


0. 64 


VAD 


2185 


D.006 




SCM415 


0.042 


22 




9-16 


W 


0. 33 


VAD 


3940 


0.124 


D.8 


SUS304 


0.037 


24 




9-17 


Ti 


0. 66 


VAD 


3175 


0.03 


0.7 


SJEH51 


0.036 


25 




9-18 


Zr 


0. 63 


VAD 


2773 


0.009 


0.5 


SUS304 


0.04 


23 




9-19 


ZrC 


0. 54 


VAD 


6595 


0.06 


0.64 


SCM415 


0. 022 


22 




9-20 


Cr 


0. 12 


VAD 


3798 


0.087 


0.6 


SCM415 


0.031 


27 




9-21 


V 


0. 63 


VAD 


2877 


0.079 


0.7 


AC8A 


0.035 


21 



[0107] (ttKffl 8 ) mum 1 1 mmo^mmz- 

TfrjfESSm l2fc*f*fl=T?j*IISrfTofc. ffiflMIS, 

fc„ ftffiSlON, i£jg26mm/s, ^1"^ *) Sg 

K290m, tS6BB©SUJ2Srffi*Wf >i LT, 

*4 >V * TJMftffift * ft £ L fc 0 3i > ^ > *vf yHil OW- 

4o-sh-c\ taKi&Stt^fi-c&a,, «**<;««<7)tB^r 

[0 10 8] ^20i'*ffifi£^Ra = 0.2£i@;^ 5?~:/ * 



mmm. mumm, mm, mmmm^^xtt^ 

**1738©T j e/l'7r^*-#>il (Jt«0H8-5) 

«LT^5„ o^>9 s R«*2000£Jl±60006lTW»||T? 

[0 10 9] 
[*20] 











Ra 


im 


mt 










(kg/mm 2 ) 


(jtim) 


(nm) 


mm 




5 


VAD 


1738 


0. 26 


1. 1 


SUS304 


0.07 




10-1 


RF-CVD 


4563 


0.250 


0.9 


SUS304 


0.042 


1 


10-2 


VAD 


3655 


0. 225 


0.63 


SCM415 


D.045 


W 


10-3 


VAD 


2634 


0. 233 


0. 45 


SKD51 


0.048 




10-4 


VAC 


5867 


0.246 


1.65 


S45C 


0. 042 



[0 110] *21|r, ^-7 a 0|gi6S2OOO^±6OOOWTT* irftfc, 
*>•), *»oRaiS0.005£Jl±0.2£JlT©*lttoV^T3faift 40 [0 1 11] 
£Ra, ffiB$$!l£, Ml, Biff, *»#»Ko^-c* [$21] 



&m 2001-1 92864 (P2001 -1 92864A) 



35 36 









Ra 


mm 










(kg/mm 2 ) 


Um) 


(tim) 


mm 




mm 8-5 


VAD 


1738 


0.26 


i.i 


SUS304 


0.07 




n-i 


RF-CVD 


3587 


0.165 


1.79 


SUS304 


0.038 




11-2 


RF-CVD 


4567 


0.070 


2.65 


S45C 


0.036 




11-3 


RF-CVD 


4123 


0.007 


1.02 


SCM415 


0. 026 




11-4 


RF-CVD 


2568 


0. 176 


0.86 


FC250 


0. 037 




11-5 


RF-CVD 


2236 


0.093 


0.53 


SCM415 


0.036 




11-5 


RF-CVD 


3235 


0.065 


0.46 


S45C 


0.032 


I 


11-7 


RF-CVD 


2243 


0.122 


0.44 


SKD51 


0.046 


1 


11-8 


VAD 


2689 


0. 096 


0.3 


SDS304 


0. 035 




11-9 


YAD 


3987 


0.065 


1.95 


SCr4I5 


0.032 




11-10 


VAD 


4359 


0.042 


1.65 


AC8A • 


0.028 




11-11 


VAD 


3657 


0.078 


0. 78 


SKD11 


0. 03 




11-12 


VAD 


2697 


0. 165 


0. 66 


FC250 


0.038 




11-13 


VAD 


4867 


0. 086 


0.35 


SKD51 


0.029 




11-14 


VAD 


2374 


0.146 


0. 22 


SUS304 


0.046 




11-15 


VAD 


5682 


0.032 


1.88 


SCr415 


0.026 




11-16 


VAD 


3668 


0.01 


2.67 


SCM415 


0.031 



[0112] 09ic, m&kmmm^m&z^-f, m 

Orotfc«0!l8-5£x, *ffift^Ra^0.2^gx.5«^ 
A, «ffia*Ra«SO.OOS«±, Q.2VXT<r>WM*Oh LT 
-fuy ^LTV^•^> 0 5?-7°B!a>5S2000W±6000JWTT-*3 
9, A»oRa^O. 005£Jl±, 0. 2£iTW«HrtT*>5»££ 

[0 113] *22(;:, g|21ia£*c£;ftfcf*f4l-o^Tfl 
^ftf ^SUJ 2 Lfc. fcVJW§ * 



(«ftl748» Ra=0. 113) OllftWftltiot** 

ft*WJWi*/TiN (?£jgl748 N Ra = 0. 113) (Offi^fl-* 

[0 114] 
[$22] 





smm 


(kg/Bin 2 ) 


Sffiffla Ra 
(Mm) 


ffi&xRa 


Cm 2 ) 




TiN 


YAD 


1748 


0.U3 


197 


0. 45 


1 


TIN 


VAD 


2437 


0.196 


477 


0. 67S 


1.50 


TiN 


VAD 


2255 ■ 


0.162 


344 


0. 586 


1.30 




12-1 


RF-CVD 


3587 


0.165 


591 


0. 478 


1.06 




12-2 


RF-CVD 


4567 


0.070 


319 


D. 398 


0. 88 




12-3 


RF-CVD 


4123 


0.007 


28 


0.144 


0.32 




12-4 


RF-CVD 


2568 


0.176 


451 


D.435 


0.97 




12-5 


RF-CVD 


2236 


0.093 


207 


0.316 


0. 70 




12-6 


RF-CVD 


3235 


0.065 


210 


0.344 


0. 76 




12-7 


RF-CVD 


2243 


0.122 


273 


0.374 


0.83 


i 


12-8 


VAD 


2689 


0.096 


258 


0.31 


0.69 




12-9 


VAD 


3987 


0.065 


259 


0.335 


0. 74 




12-10 


VAD 


435S 


0.042 


183 


0.304 


0. 68 




12-li 


YAD 


3657 


0.078 


285 


0.366 


0.81 




12-12 


VAD 


2697 


0.165 


445 


0.426 


0.95 




12-13 


YAD 


4867 


0.086 


418 


0.401 


0. 89 




12-14 


VAD 


2374 


0.146 


346 


0.405 


0.9 




12-15 


YAD 


5682 


0.032 


181 


0.267 


0.59 




12-16 


VAD 


3668 


0.01 


36 


0.223 


0.50 



[0 115] EUOIdRa ( M m) XHk (kg/mm2) 
*-#^Bttt, Ra (urn) XHk (kg/mm2) t«ftl;Jt 

#JfcWLT^5;ri:#bjo»ofc,, I^CRa Um) 

XHk (kg/mm2) T'jjott, T^)Vy y stfyfil 
Si, TiN^CrN, (Ti, Al) MRtJt^T, t@##K'ft7)S 



Um) XHk (kg/mm 2) iS500EJlT^fcixtfSV% $o 
k + Zkhtt. Ra (jim) XHk (kg/mm2) =Ai Lfc* 

»HA*S500£ilTT*>5 r. k *mtt\mx°h% z. 
ktmtiL^ZktffrfrZo 

[0116] <smw 9 ) mfcms t mmn^m ■ 

J- i tl^lfflS Sr^-fS. RFBfi^yX^CVD 
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[0 117] mWMM<nmfekm,mmi<Dh°y*yy : j 

BBS**, iMfi£Ra, WEIRS!*, SfiHSL MJ¥, 
{*MRKo^-c*£ftfc. HiHC SStSiMffllS 
Sr^-fo ^20«it<6^J5£x, *ffiaSRaaJ0.2*rfflA 



*±, 0.2^T«SiI^Oir LT7"d v V LT^5„ 
7 B @!S^2000~6000<75|5Hrt"Cfc D , ^oRaflSfJ. 005^ 
±. 0.2aT^t5HrtTfe5S^icftt«*#^q6< 

[0 118] 
[*2 3] 



[0 119] 







mm 






Ra(wm) 


(Hid 


mm 






W| 8-5 














— SUS304 — 


0 a™*" 


as 
en 


13-1 


Si 


0.35 


RF-CVD 


2467 


0. 25 


1.64 


SUS304 


0.057 


13-2 


Ti 


0.26 


RF-CVD 


5734 


0.37 


0.57 


SCM415 


0.053 


13-3 


Ta 


0.44 


RF-CVD 


2673 


0.48 


0.88 


S45C 


0.064 


13-4 


W 


0. 36 


RF-CVD 


3514 


0.35 


0.93 


FC250 


0.053 


13-5 


Cr 


0.21 


RF-CVD 


3577 


0.32 


0.84 


SCK415 


0.061 


13-6 


Ti 


0.53 


RF-CVD 


2643 


0.193 


1.02 


SKD11 


0.043 


13-7 


Cr 


0.23 


RF-CVD 


3644 


0.067 


0.87 


SCM416 


0.063 


13-8 


V 


0.57 


RF-CVD 


2141 


D.045 


0.94 


SKH51 


0.061 


13-9 


Ta 


0.67 


RF-CVD 


2765 


0.164 


0.74 


SCM415 


0.037 


13-10 


Zr 


0. 12 


RF-CVD 


3856 


0.034 


0.36 


SUS304 


0.038 


13-11 


Ta 


0.7 


i RF-CYD 


4675 


0.056 


1.86 


S45C 


0.032 


13-12 


TaC 


0. 85 


RF-CVD 


4387 


0.078 


0.93 


SCr43fi 


0.027 


13-13 


Si 


0. 88 


RF-CVD 


3678 


0.097 


0. 78 


SKH51 


0.033 


13-14 


Si 


0.53 


RF-CVD 


5748 


0.009 


0. 77 


SUS304 


0.037 


13-15 




0.89 


RF-CVD 


2764 


0.057 


1.06 


SCH415 


0.047 


13-16 


Nb 


0.44 


RF-CVD 


2846 


0.137 


1.13 


SCr436 


0. 045 


13-17 


Hf 


0.87 


RF-CVD 


2235 


0.168 


1.04 


S45C 


0. 052 


13-18 


» 


0. 59 


RF-CVD 


3387 


0. 045 


0.98 


SCH415 


0. 038 


13-19 


Nb 


0.35 


RF-CVD 


3984 


0. 069 


0. 96 


SCM415 


0. 034 


13-20 


TaC 


0.61 


RF-CVD 


4725 


0.082 


0. 54 


AC8A 


0.03 


] i[*24] 




mm 


4>M*i 

mm 








HP 

(/in) 


SM 

mm 




ffcg!0J 8-5 






VAD 


1738 


0.26 


l.l 


SUS304 


0.07 


1 
m 


13-21 


Hf mm 


0.26 


RF-CVD 


4631 


0.196 


0.26 


SKDU 


0.033 


13-22 


Ta mm 


0.49 


RF-CVD 


2137 


0.364 


0. 79 


SUS304 


0. 057 


13-23 


Zr sum 


0. 85 


RF-CVD 


3S74 


0.024 


1.66 


S45C 


0. 04! 


13-24 


Ti 


0. 77 


VAD 


3584 


0.066 


1.37 


SCM415 


0. 038 


13-25 


Ti 


0. 47 


VAD 


5872 


0.072 


0.31 


SKD11 


0.032 


13-26 


Cr 


0.15 


VAD 


4235 


0. 084 


0.67 


SCM415 


0.031 


13-27 


Cr eat* 


0.12 


VAD 


3798 


0. 097 


0.77 


SCM415 


0.034 


13-28 


V 


0. 43 


VAD 


2858 


0.115 


0. 88 


SKD11 


0.037 


13-29 


Si 


0. 26 


VAD 


5362 


0. 041 


1. 11 


SUS304 


0.035 


13-30 


Si 


0. 59 


VAD 


3124 


0. 035 


1.68 


SCr436 


0.042 


13-31 


Si 


0.74 


VAD 


2174 


0.157 


0. 54 


. FC250 


0.053 


13-32 


Nb 


0. 68 


VAD 


2586 


0.007 


0. 24 


SUS304 


0.048 


13-33 


Nb 


0.66 


VAD 


3647 


0.125 


0.13 


SCM415 


0.041 


13-34 


1» 


0. 53 


VAD 


4768 


0.053 


0. 88 


SKDU 


0.03 


13-35 


If 


0.31 


VAD 


4986 


0.074 


1.36 


SCM415 


0.028 


13-36 


Zr 


0.24 


VAD 


5634 


0.062 


1.87 


S45C 


0.027 


13-37 


Zr 


0.51 


VAD 


2764 


0.033 


0. 63 


SUS304 


0.045 


13-38 


Hf 


0.84 


VAD 


5896 


0.048 


0.67 


SCr436 


0.03 


13-39 




0.53 


VAD 


2343 


0.135 


1.38 


AC8A 


0.052 


13-40 


NbSfttt 


0.59 


VAD 


2854 


0.164 


0.74 


SCM415 


0.044 


13-41 


Ti mm 


0. 74 


VAD 


3763 


0.074 


0.89 


SKH51 


0.035 



[0120] mmmi o) umm7 tmm<D^m^i. ™ v)x?y y ^nmzn\<\ m^b^mn^m^m^ 
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(21) 

39 40 

5, 26K*1- Q JtRtfli LT, tWJlSrJ&Rtf-r, [0121] 
St±CMLfc7*/V7rx*-*yl^^to "PUB [*2 5] 





f>Mfl 

mm 


mm 

(am) 




(kg/mm 2 ) 


Ra(^m) 


mm 

((in) 


mi 
mm 




mm 

(N) 


JtRM 7-3 


- 


- 


RF-CVD 


2564 


0.045 


0.8 


S45C 


0.034 


15 


Jtttffl 7-4 






— VAff — 


W2 


— (Tols — 


— 0~8 — 


SUS304 


— 0 036 


12 




14-1 


Ti 


0. 53 


RF-CVD 


2643 


0. 193 


1.02 


SKD1I 


0.043 


28 




14-2 


It 


0.12 


RF-CVD 


3856 


0.034 


0. 36 


SUS304 


0. 038 


26 




14-3 


Ta 


0.7 


RF-CVD 


4675 


0.056 


1.86 


S45C 


0. 032 


25 




14-4 


Si 


0.53 


RF-CVD 


5748 


0. 009 


0.77 


SUS304 


0.037 


24 




14-5 


»M 


0.89 


RF-CVD 


2764 


0.057 


1.06 


SCM415 


0. 047 


27 




14-6 


Hf 


0.87 


RF-CVD 


2235 


0.168 


1.04 


S45C 


0.052 


29 


1 


14-7 


ff 


0.59 


RF-CVD 


3387 


0. 045 


0. 98 


SCM415 


0. 038 


27 


m 


14-8 


Nb 


0.35 


RF-CYD 


3984 


0.D69 


0. 96 


SCH415 


0.034 


26 




14-9 


TaC 


0.61 


RF-CVD 


4725 


0.082 


0.54 


AC 8 A 


0.03 


24 




14-10 


hi mm 


0.26 


RF-CYD 


4631 


0.195 


0.26 


SKD11 


0.033 


25 




14-11 


Ta mm 


0. 49 


RF-CVD 


2137 


0.164 


0.79 


SUS304 


0.057 


25 




14-12 


It mm 


0.85 


RF-CVD 


3374 


0.024 


1.66 


S45C 


0.041 


25 




14-13 


Cr 


0.23 


RF-CVD 


3644 


O.067 


0.87 


SCM415 


0.063 


29 




14-14 


V 


0.57 


RF-CVD 


2141 


0. 045 


0. 94 


SKH51 


0.061 


25 


] * * [*26] 




mm 


•M3B 

mm 

(wm) 




(kg/mm 2 ) 


RaUm) 


mm 

Ub) 


mi 
mm 


mm 


m 

00 


Jt«fll 7-3 






RF-CVD 


2564 


0.045 


0.8 


S45C 


0.034 


15 








YAD 


3542 


0.035 


0.8 


SUS304 


0.036 


12 




14-15 


Ti 


0.77 


VAD 


3584 


0.066 


1.37 


SCM415 


0.038 


28 




14-16 


Si 


0. 26 


VAD 


5362 


0.041 


1.11 


SUS304 


0.036 


30 




14-17 


Nb 


0.66 


VAD 


3647 


0.125 


0.13 


SCM415 


0.041 


26 




14-18 




0.53 


VAD 


4768 


0. 053 


0. 88 


SKD11 


0.03 


27 




14-19 


It 


0.51 


VAD 


2764 


0.033 


0. 63 


SUS304 


0. 045 


28 


1 


14-20 


Hf 


0.84 


VAD 


5896 


0, 048 


0. 67 


SCH36 


0.03 


23 




14-21 


Cr 


0.15 


VAD 


4235 


0.084 


0.67 


SCM4I5 


0. 03) 


28 




14-22 


cr mm 


0.12 


VAD 


3798 


0.097 


0.77 


SCM415 


0.034 


27 




14-23 


V 


0.43 


VAD 


2858 


0.115 


0. 88 


SKD11 


0.037 


24 




14-24 


? mm 


0.53 


VAD 


2343 


0.135 


1.38 


AC8A 


0.D52 


25 




14-25 


Nb mm 


0.59 


VAD 


2854 


0. 154 


0.74 


SCM41 5 


0.044 


26 




14-26 


Ti gMfcW 


0.74 


VAD 


3763 


0.074 


0.89 


SKH51 


0.035 


24 



[0123] mmm 1 1 ) tmrnz^^yy 

£SJ£L7c 0 HKE#j5-3, 6-2, 6-6, 7-5, 7-16, 8-14, 

5-1 i this LTio~30%co h/u^ffi«aJ*B*nfc. 

[0124] amm 1 2 ) mm, rf-^ 7* h- n 

/<y*yy? (SP) ft, 7y^7^f-7^4o>^ 

*v9vv9 (ubm) n£T-?tmmm& (vad) 
myj7/yycvn (hcvd) m^^<om^.Ltz c m 

[0125] RF-r^ h u y*s<y 9 V l^ifefctt, @ 



•>o BMPbUT. MSJIit873K£llTlCT#*#Sr«ft:** 

\rn-r srtm t. 

[0 12 6] TW?** Y^f^YW^y 

9Vy9mx~i*. WM\z.mV£vim9-?y bSr, fffflM 
1CCH 4 , C 6 r^ C2H2^O~50%^nL/cT^3>*' 
*&>»AL, hfc/</UXDC*RtiiqLT, 

ttflttn'MT xeOOV^T, #H«J±734Pay,T, CH 4 , c 
6H 6 , C 2 H 2 ^AP*. Ste£*873K«T(-T#*ft4- 



ftffi 2001-1 92864 (P2001 -1 92864A) 



[0 12 7] M^.7-^mmMVm^^"Xh, mwm. 

T, StJ«JE300V£ATtT#*#SrS{t:S-ar5r txii 
[0 12 8] §7o^> hCVD&tt:, CH 4 , C 6 H 6 M 
SWSEffi, CH 4 , C 6 H 6 , C 2 H 2 *4r«3E-f-ari:-r\ 

9 ^ > * ^ * -r 5 ait * - # >*k 

6 H 6 , C 2 H 2 ■*50vol%«T 4 "f 5 - 4 
*>Sf^)*L/i 0 #6ilfc«atli, 514.5nm»«[ft* * 



42 

* jfo7/v 3" W >f y u— if- (c J: o x , 7 y#)fe#*f 
&fr5 0 ffbtt/fc*^ h/Md^tLT, *y*??7t?V 

br-*«#»Afc*fflLfc. tWii, 500cm- 1 
-1000cm - 1 1340cm" 1 friS, 1560cm - 1 ft 

[0 13 0] #btifcaff*-3j?^KJro# % t°y • -t 

f± N jifyUVjft, g?SS.U«3i^v ; V^--r/H0W-30SG»?i 

ii«ttWIR3mm«SUJ2Mt*>% MlON, 
^250rpm (flSiag50mm/sec) , HfcSft 550tL 

[0131] 
[*2 7] 





1600/ 
1 1340 


S600/ 
S1340 


SI 340/ 
SI 360 


1)340/ 
11560 


ST 3 f -Jffl 

(cur 1 ) 


mm 

Urn) 


S« 


mmm 






*«* 


(at SO 


ft 


12-1 


0.015 


0.006 


6.1 


1.8 


1552 


2.2 




i>y >m 


SP 


0. 06 


0.7 


22 


ft 


12-2 


0.01 


0.007 


4.5 


1.6 


1556 


9.8 


A1 2 0 3 


1*/ >tt 


HCVD 


0.06 


0.7 


35 




12-3 


0.001 


0.001 


5.5 


2.2 


1552 


1.5 


SCH415 


tm 


VAD 


0.08 


0.9 


28 




12-4 


0 


0 


6 


2.5 


1549 


0.7 


SUS304 


*■ n> 


UBM 


0.07 


1 


23 




12-1 


0.03 










0.5 


S45c 


v >w 


SP 


0.06 


0.5 


0 




12-2 


0.4 










0.2 


SKH51 




DBM 


0.05 


0.5 


15 




12-3 


1.5 










0.8 


FC450 


I/-/' >Jft 


SP 


0.04 


0.4 


0 




12-4 


2.2 










1.2 


SCM4I5 


ivy m 


VAD 


0.04 


0.4 


0 


JS 


12-5 




0.02 










SKD1I 




UBM 


0.05 


0.5 


11 


12-6 




0. 1 








1.4 


S45c 




HCVD 


0.06 


0.4 


18 


M 


12-7 




1.2 








1.2 


SUS304 




SP 


0.04 


0.4 


0 




12-8 




2.4 








2.4 


SCM415 




VAD 


0.04 


0.3 


0 




12-9 






2.8 






6.8 


Si 3 N 4 


i>y 


HCVD 


0.03 


0.5 


10 




12-10 






0. 1 






3.1 


SUS304 




VAD 


0.03 


0.4 


0 




12-11 






1.2 






0.8 


SCM415 




UBM 


0. 04 


0.4 


10 




12-12 






2.4 






0.9 


A1 Z 0 3 




SP 


0.05 


0.3 


0 




12-13 








1.1 




0.7 


SUS304 


X>v Vi& 


UBM 


O.03 


0.5 


4 




12-14 








0.7 




0.4 


SKH51 




SP 


0.04 


0.4 


0 



[0 13 2] 



[*2 8] 
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SP 3 f -9(7) 

f -ma 

(cur 1 ) 



[0133] mmn 3) m^x s <f Smm<Dm<nt\-m 

HJfe0iJl2-2, 4, 8, 10, 16, 20, 22, 23, 25, 27, 
29, 31W«flt*-#>*K*rJ8J*Lfc. *«>t*, 

*^/wow-30SGroffiTfc:J:afflit Ttftffl tfc 0 tttfeffl 
12-1-4(7) * VttKfr^ L fc t w i JttS L X , 5fi 
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